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Dif f r ac t ion  of Electromagnetic Waves by Moving S t r i a t i o n s  i n  a Plasma Column - 
Experimental and Theore t i ca l  S tudies  - B. Rama Rao and W.A. Saxton. 

Moving s t r i a t i o n s  are pe r iod ic ,  macroscopic waves of i o n i z a t i o n  moving wi th in  

t h e  p o s i t i v e  column of  t h e  glow discharge o f  an i n e r t  gas. 

cal i n v e s t i g a t i o n s  have been made t o  s tudy t h e  d i f f r a c t i o n  of microwaves by l a r g e  ampli- 

tude ,  r egu la r  s t r i a t i o n s  i n s i d e  a plasma column. 

lar  t o  t h e  Bragg s c a t t e r i n g  of l i g h t  by means of e las t ic  waves i n  l i q u i d s  and s o l i d s .  

The spectrum of t h e  d i f f r a c t e d  electromagnet ic  wave c o n s i s t s  of a doublet  s p l i t  symmetric- 

a l l y  around t h e  inc iden t  frequency by an amount equal  t o  t h e  fundamental s t r i a t i o n  f r e -  

quency and i t s  h ighe r  harmonics. 

Experimental and theo re t i -  

The phenomenon observed he re  i s  s i m i -  

Because of t h e  non-linear n a t u r e  of t h e  l a r g e  ampli- 

tude,  n a t u r a l  s t r i a t i o n s ,  'Bragg doublets '  

frequency have been observed. A knowledge 

termine t h e  wavelength and v e l o c i t y  o f  the  

due t o  several harmonics of t he  s t r i a t i o n  

of t h e  s c a t t e r i n g  angle  enables  one t o  de- 

s t r i a t i o n s .  The r e s u l t s  f o r  t h e  s t r i a t i o n  
\ 

v e l o c i t y  determined from t h e  d i f f r a c t i o n  measurements are i n  good agreement wi th  in- 

dependent measurements made wi th  a photo-mult ipl ier  tube. 

na tu re  of t he  e l e c t r o n  dens i ty  p r o f i l e  along t h e  a x i s  of t h e  tube,  t h e  d i f f r a c t i o n  pat-  

t e r n  is  asymmetric. 

shape of t he  e l e c t r o n  dens i ty  p r o f i l e  can b e  determined. 

Because of  t h e  saw-tooth 

By measuring t h e  relative i n t e n s i t i e s  of  t h e  two double ts ,  t he  

The d i f f r a c t i o n  measurements were made a t  K-band microwave frequencies  of 25 G c s .  I 

(A = 1.2 e m s . ) ,  with  t h e  e l e c t r i c  vec to r  o f  t h e  inc iden t  e lectromagnet ic  wave polar ized  

perpendicular  t o  the a x i s  of t h e  plasma column. 

using a superheterodyne system i n  conjunction wi th  an audio frequency wave analyzer .  

The plasma column was a hot-cathode Argon discharge 50 cms. long and 3 . 3  e m s .  i n  dia-  

meter. 

operated i n  a s t a b l e ,  well-defined s t r i a t i o n  mode. 

and s t a b i l i z e d  by using var ious  experimental  techniques.  

The d i f f r a c t e d  s i g n a l  w a s  de tec ted  by 

The n e u t r a l  gas  pressure  and discharge cu r ren t  were va r i ed  u n t i l  t h e  discharge 

The s t r i a t i o n s  w e r e  then con t ro l l ed  

Di f f r ac t ion  p a t t e r n s  of up t o  
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t h e  8 th  harmonic of t h e  fundamental s t r i a t i o n  have been measured. It has  been ob- 

served t h a t  t h e  s t r i a t i o n s  are backward waves, with phase v e l o c i t i e s  d i r ec t ed  toward 

t h e  cathode. Typical  values  of t h e  s t r i a t i o n  v e l o c i t y  measured i n  t h i s  experiment 

var ied  from 200 meters/sec. a t  a pressure  of 1.9 rnms. Hg. t o  about 480 meters/sec. 

a t  190 1.1 Hg. 

For s t r i a t i o n s  propagating wi th in  a f i n i t e  plasma column t h e  d i f f r a c t i o n  p a t t e r n  

has  been ca l cu la t ed  t h e o r e t l c a l l y  by using a Born approximation procedure. The in- 

t e n s i t y  of t h e  d i f f r a c t e d  electromagnet ic  wave depends on t h e  s t r i a t i o n  wavelength, 

t h e  po la r i za t ion  of t h e  electromagnet ic  s i g n a l  and t h e  r a d i a l  e l e c t r o n  dens i ty  pro- 

f i l e  k i t h i n  t h e  plasma column. 

nique f o r  de tec t ing  and analyzing moving s t r i a t i o n s .  

This i nves t iga t ion  o f f e r s  a convenient microwave tech- 

A paper on t h i s  sub jec t  w i l l  be  presented a t  t h e  1968 Spring URSI meeting t o  be 

he ld  i n  Washington, D.C. on A p r i l  9-11, 1968. 

Ef fec t  of Co l l i s ion  Frequency on t h e  Input Impedance of  a Short Cy l ind r i ca l  Antenna 

i n  t h e  Vic in i ty  of t h e  Plasma Frequency - L.D. Sco t t  and B. Rama Rao. 

Experimental and t h e o r e t i c a l  i nves t iga t ions  have been made t o  determine t h e  e f f e c t s  

of i n t e r p a r t i c l e  c o l l i s i o n s  on t h e  an t i resonant  impedance c h a r a c t e r i s t i c s  of an elec- 

t r i c a l l y  sho r t  antenna i n  t h e  v i c i n i t y  of t h e  plasma frequency. The use of t h i s  an- 

tenna as a d iagnos t ic  probe f o r  measuring e f f e c t i v e  c o l l i s i o n  frequency and e l ec t ron  

dens i ty  has  been c a r e f u l l y  explored using t h e  t h e o r i e s  proposed by King' et a l .  and 

Balmain . 
diagnos t ic  methods, when s u i t a b l e  co r rec t ions  are introduced f o r  antenna-transmission 

l i n e  junc t ion  e f f e c t s .  This i nves t iga t ion  s u b s t a n t i a t e s  t h e  recent  observat ions made 

2 The r e s u l t s  of  t h i s  technique are i n  good agreement wi th  o t h e r  w e l l  accepted 

by Larson3 which i n d i c a t e  t h a t  near  t h e  plasma frequency t h e  inf luence  of  c o l l i s i o n  

l o s s e s  on t h e  antenna impedance are s imilar  t o  tha t  obtained from including e lec t ro-  



-3- 

acous t i c  wave e f f e c t s .  

i n  a hot-cathode H e l i u m  discharge a t  n e u t r a l  gas  pressures  ranging from' 35 t o  300 )1 

of Hg. 

Measurements were made a t  f requencies  from 300 t o  600 MHz 

The antenna w a s  a c y l i n d r i c a l  copper rod 3.5 cms. long and 4 nun. i n  diameter. 

For es t imat ing e l ec t roacous t i c  mode e f f e c t s  t h e  e l e c t r o n  temperature w a s  measured 

In  a c o l l i s i o n  dominated plasma l i k e  t h e  one used i n  t h i s  in- using a Langmuir probe. 

ves t iga t ion  t h e  e l e c t r o n  temperature e f f e c t s  ca l cu la t ed  from Balmain's2 theory w e r e  

found t o  be q u i t e  mall. It w a s  also determined experimentally by varying t h e  d.c. 

b i a s  appl ied t o  t h e  antenna t h a t  t h e  ion  shea th  con t r ibu te s  neg l ig ib ly  t o  t h e  antenna 

impedance. Hence, under these  experimental  condi t ions i t  i s  j u s t i f i a b l e  t o  use a 

simple, cold plasma model i n  t h e  ana lys i s  of  antenna c h a r a c t e r i s t i c s  as suggested by 

King' et al .  

Theore t i ca l  values  of t h e  e lec t ron-nef i t ra l  and electron-ion c o l l i s i o n  frequencies  

w e r e  ca l cu la t ed  by using t h e  c o l l i s i o n  cross-sect ions f o r  H e l i u m  as measured by Golden 

and Bandel . The e f f e c t i v e  c o l l i s i o n  frequency w a s  then r e l a t e d  t o  the  complex d i s s i -  

pa t ion  f a c t o r  used i n  Langevin's equat ion f o r  def ining t h e  plasma conduct ivi ty  as sug- 

ges ted  by Holmud . The measured values  of c o l l i s i o n  frequencies  agree  wi th in  a f a c t o r  

I 

4 

5 

of less than two i n  t h i s  i nves t iga t ion .  This degree of agreement i s  considered q u i t e  

good, i f  one considers  poss ib l e  impur i t ies  i n  t h e  gas ,  e r r o r s  i n  determining e l e c t r o n  

temperature and n e u t r a l  gas pressure ,  and inhomogeneities i n  t h e  plasma column. 
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Plasma P r o f i l e  Inves t iga t ions  Using a Microwave Cavity Technique - B. Rama Rao. 

A t h e o r e t i c a l  a n a l y s i s  has  been completed 

o f  c y l i n d r i c a l  microwave c a v i t y  loaded wi th  an 

ca l cu la t ions  are now underway t o  determine t h e  

dens i ty  p r o f i l e  on t h e  resonant f requencies  o f  

t o  determine t h e  exact eigen f requencies  

inhomogeneous plasma column. Computer 

e f f e c t  of a varying pa rabo l i c  e l ec t ron  

t h e  TMoml and TMmo type  modes exc i t ed  

in t h e  cavi ty .  

pansion technique. 

terms are evaluated i n  t h e  computer 

a b l e  bounds. 

azimuthal dependence, c e r t a i n  r . f .  modes i n s i d e  t h e  c a v i t y  can become hybrid.  

The wave equat ions i n s i d e  t h e  c a v i t y  have been solved by a series ex- 

Depending on the  convergence of  t h e  series, a s u f f i c i e n t  number of 

i n  o rde r  t o  keep t h e  t runca t ion  e r r o r  w i th in  reason- 

When t h e  e l e c t r o n  dens i ty  p r o f i l e  i n  the plasma column has an a x i a l  o r  

This  i n v e s t i g a t i o n  w i l l  determine t h e  e f f e c t  of  inhomogeneous e l e c t r o n  dens i ty  

p r o f i l e s  on t h e  accuracy o f  plasma d iagnos t i c s  using t h e  microwave cav i ty  method. 

Experimental Inves t iga t ions  on r . f .  Breakdown E f f e c t s  i n  Antennas - B. Rama Rao and 

L.D. Sco t t .  

Non-linear harmonic and ion-acoust ic  wave genera t ion  during r e f .  breakdown i n  

antennas i s  being inves t iga t ed .  Experiments are being conducted both with and without 

e x t e r n a l  d.c. magnetic f i e l d s  appl ied  t o  t h e  antennas. Of p a r t i c u l a r  i n t e r e s t  is  t h e  

breakdown at  electron-cyclotron resonance. 

Bropm p r e d i c t s  breakdown a t  very  low r . f .  e f f e c t i v e  f i e l d s .  

The theory proposed by Lax, A l l i s  and 

This  i n v e s t i g a t i o n  may have some impl ica t ions  on breakdown commonly encountered 

a t  high a l t i t u d e s  by antennas mounted on missiles and rockets .  

Theore t i ca l  and Experimental S tudies  of Plasma-Coated Antennas - C.Y. Ting and B. Rma 

Rao . 
This  i n v e s t i g a t i o n  has  been completed. A paper on t h i s  t o p i c  has  appeared i n  t h e  
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I.E.E.E. Transact ions on Antennas and Propagation, March 1968, Vol. AP-16, No. 2, 

pp. 246-255. 

Theore t ica l  S tudies  on t h e  C i rcu la r  Loop Antenna i n  a Plasma Environment - 
M. Bharathi.  

The problem of r a d i a t i o n  from a c i r c u l a r  loop antenna immersed i n  a homogeneous 

i s o t r o p l c  unbounded w a r n  plasma f o r  t h e  case of constant  cur ren t  d i s t r i b u t i o n  around 

t h e  loop is under inves t iga t ion .  

c Plasma Diagnostics with Transmission Lines and Cav i t i e s  - W.A. Saxton and Y.S. Yeh. 

A paper e n t i t l e d  "A Modified Theory f o r  Cavity Per turba t ion  Measurement of P lasma 

Elec t ron  Density" has  been completed. A second paper on t h e  t ransmission l i n e  i n  

plasma is  i n  preparat ion.  

Theore t ica l  S tudies  on an Antenna Immersed i n  a Plasma - A.D. Wunsch. 

A dipole  antenna of f i n i t e  r ad ius  and length,  immersed i n  a warm, homogeneous 

and i s o t r o p i c  plasma, has been considered as a boundary value problem. 

has  been c a r r i e d  ou t  because i t  has  been suggested by Whale (J.G.R.,  Vol. 68, pp. 415- 

422) t h a t  t h e  f i n i t e  temperature of t h e  ionosphere has  a d i r e c t  bear ing on t h e  im- 

pedance of  an antenna c a r r i e d  i n t o  t h e  ionosphere by a rocket  o r  sa te l l i te .  

ana lys i s  has  e s s e n t i a l l y  been completed and i s  described i n  an a r t i c l e  which has  been 

accepted f o r  publ ica t ion  by Radio Science. The a r t ic le  provides a number of curves . 

which show t h e  cur ren t  d i s t r i b u t i o n ,  impedance, and f a r  f i e l d  r a d i a t i o n  p a t t e r n  of a 

This research 

This  

plasma immersed antenna. 
\ 

A t ubu la r  antenna has  a l s o  been considered and expressions have been derived 

from which t h e  cur ren t  on t h e  i n s i d e  and ou t s ide  sur faces  of the  tube  can be destermined 
+ 
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once t h e  t o t a l  cur ren t  is known. For t h e  comparatively t h i n  antennas considered i n  

t h i s  ana lys i s ,  i t  has  been found t h a t  most of t h e  t o t a l  cur ren t  l i e s  o n ' t h e  ou t s ide  

sur face  of t h e  tube. 

ably apply t o  a s o l i d  one as w e l l .  

Thus, t h e  r e s u l t s  obtained f o r  t h e  tubu la r  antenna would prob- 

The s t a f f  now supported i n  p a r t  by t h i s  g ran t  includes Professor  B. Rama Rao and 

D r .  C.Y. Ting as w e l l  as t h r e e  part-t ime s tuden t s ,  A.D. Wunsch, L.D. Scot t  and 

M. Bharathi.  
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